Four 50-cow, C-sire lines of Angus cattle were established as part of a long-term selection project. Performance data through yearling age were collected on 2,749 calves during the 16-yr period, 1964 to 1979. Lines were selected for individual weaning weight, (WWL), individual yearling weight (YWL) and a combination of individual and progeny weaning weights (PTL). The fourth line was maintained as an unselected control line (CL) to monitor yearly environmental changes. Criteria in the CL were zero selection differentials for both weaning and yearling weights. Traits analyzed were birth weight (BW), preweaning daily gain (WDG), weaning weight (WW), weaning conformation grade (WG), weaning condition score (WC), weaning to yearling daily gain (YDG), yearling weight (YW), yearling conformation grade (YG) and yearling condition score (YC). Over the 16-yr period, 3.87 and 3.72 generations of selection had occured in the WWL and YWL, respectively. The PTL was terminated in 1978, and 2.68 generations of selection had occured to that point. Mean selection differentials in standard measure per generation for WWL, YWL and CL, respectively, were:
Introduction
Selection, a differential reproductive rate resulting from the deliberate choice of animals to be the parents of the next generation, is one of the primary forces by which breeders can improve the genetic composition of their herds. Genetic progress per year depends on the selection intensity as measured by standardized selection differentials, the phenotypic variability and the heritability of the trait being selected and the generation interval.
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A long-term project was initiated in 1960 at the Oklahoma Agricultural Experiment Station to evaluate direct and correlated responses to selection for increased weaning or yearling weight in beef cattle. The objective of this portion of the study was to quantify the selection pressure applied in three lines of Angus cattle during 14 yrs of selection for growth traits.
Materials and Methods

Formation and Description of the Lines.
Three selection lines and an unselected control line were established from a common base of Angus cattle. Foundation cows, typical for the Angus breed, were obtained from several herds in the southwestern and midwestem United States and were the daughters of 30 different Angus sires. Foundation cows were randomly allotted to four 50-cow lines in 1963. Twentyfive foundation sires, also originating from several sources, were used from 1963 through 1966. During the breeding seasons in those years, foundation sires were bred to cows in all four Angus lines. First selections within the lines were made from the 1965 calf crop. In addition to the four Angus lines utilized in this study, two Hereford lines, selected for weaning J. Anita. Sci. 1986. 62:54-65 and yearling weight, respectively, were formed as part of this long-term project. General procedures and results obtained from the Hereford lines were presented by Frahm et al. (1985) . Only the data from the Angus lines were analyzed in this study.
Selection criteria for replacement breeding animals in the Angus selection lines were heaviest individual 205<1 weaning weight in the weaning weight line (WWL), heaviest individual 365<1 (bulls) or 425<1 (heifers) yearling weight in the yearling weight line (YWL) and a combination of individual and progeny 205<1 weaning weights in the progeny test line (PTL). An animal was considered "selected" only if it produced at least one offspring in the selection line.
The fourth line was maintained as an unselected control line (CL), and replacement breeding animals were chosen to have as near zero selection differentials for both weaning and yearling weight as possible. Originally, the CL was designed as a progeny test line for yearling weight; however, in 1969 it was converted to a control line to monitor yearly environmental changes. Since only two calf crops had been sired by progeny tested bulls up to that point, very little selection had actually been practiced. However, to counteract the effects of any selection that might have occurred, cows in that line were artificially inseminated during the 1969 breeding season with frozen semen collected from the foundation sires. In addition, clean-up bulls having near zero selection differentials for both weaning and yearling weights were used fob lowing the period of artificial insemination. Foundation cows were allowed to remain in the CL as long as possible; thus fewer replacement heifers were required from the 1970 and 1971 calf crops.
Beginning with the 1965 calf crop, two bulls were selected each year in the WWL, YWL, and CL based on the respective line criteria. Bulls were first used as 2-yr-olds through the 1970 breeding season and as yearlings in subsequent years. Due to this change in procedure, no bulls were selected from the 1969 calf crop. In the PTL, five bulls were selected on the basis of individual 205<1 weaning weight and randomly mated to approximately 25 cows each in an Angus test herd. Two bulls were subsequently selected on the basis of progeny weaning weight. Bulls were 3 yr old when they were first mated to cows within the PTL. This process was followed in the PTL from 1966 through 1976; thereafter, two bulls were selected each year based on individual performance. Only the last two calf crops in this line were sired by bulls that had not been progeny tested. Selected bulls in all lines were used for 2 yr. Thus, four bulls were used per year in each line, two being used for the first time and two being used for the second time. In each line the third ranking bull, based on line criteria, was kept as an alternate for use in the event a selected bull had to be culled before completing 2 yr of service. During the length of the study only one bull in each of the WWL, PTL and CL failed to complete the 2-yr service period. The total number of sires selected over the 16-yr period were 28, 26, 22 and 29 for the WWL, YWL, PTL and CL, respectively.
Fifty breeding-age females were maintained in each of the four lines. In order to maintain a 20% replacement rate, 10 cows were culled in each line each year and replaced with the top 10 pregnant heifers based on the respective line criteria. Initially, the 13 highest ranking heifers in each line (or zero selection differentials for both weaning and yearling weights in the CL) were bred to selected bulls. Of the 13 heifers exposed, the top 10 diagnosed pregnant following the breeding season were selected to remain in the line. Cows were culled only on the basis of (1) serious unsoundness, (2) reproductive failure and (3) Following weaning, bull calves were given a 2-wk warm-up period and then placed on a 160-d gain test through 1971 and a 140-d gain test from 1972 through 1979. Bulls were fed a corn-based diet ad libitum from self feeders. Test diets underwent three basic changes with total digestible nutrients and crude protein of the diets ranging from 62.4 to 66.2% and 10.5 to 13.2%, respectively, during the 16-yr period. At the end of the gain test, weights, conformation grades and condition scores were determined for all bulls.
Heifer calves were placed on a pasture gain test following weaning and were supplemented with prairie hay, alfalfa, cottonseed cake or grain, as needed, to achieve gains ranging from .34 to .45 kg/d. Because heifers were managed at a lower nutritional level than bulls after weaning, weights, conformation grades and condition scores were measured when the average age of all heifers was approximately 425 d rather than 365 d. The age of 425 d was the latest practical date for evaluating heifers and making selections prior to the start of the breeding season.
Complete performance data were collected on all calves through 365 d for bulls and 425 d for heifers. Traits analyzed were birth weight (BW), preweaning daily gain (WDG), weaning weight (WW), weaning conformation grade (WG), weaning condition score (WC), weaning to yearling daily gain (YDG), yearling weight (YW), yearling conformation grade (YG) and yearling condition score (YC). Weaning weights were adjusted to a 205-d basis by multiplying WDG by 205 and adding BW. These weights were further adjusted for age of dam. Yearling weights (365-d for bulls and 425-d for heifers) were calculated by multiplying YDG by 160 for bulls and 220 for heifers and adding the 205-d age of dam adjusted WW.
All calves were independently scored for conformation and condition at weaning and yearling age by a committee of at least three persons. Average conformation grades and condition scores were recorded for each calf. Conformation grades were based on a 17-point scale, with 13 representing average Choice. Condition score was an index of degree of fatness, ranging from 1=very thin to 9=very fat.
To the extent that selection responses interact with age of dam effects, whatever age of dam correction factors are used may result in a biased adjustment for some individuals in the study. For example, age of dam correction factors calculated from the base population may be inappropriate in the later stages of selection and vice versa. The primary purpose of adjusting individual performance data for the non genetic effect of the dam's age is to facilitate genetic comparisons and thus more accurate selections. Because age of dam correction factors did not exist for the foundation population, weaning weight of calves born from 1964 to 1969 were adjusted to a mature-dam basis by multiplying 205<1 WW by 1.15, 1.10 and 1.05 for 2-, 3-and 4-yr-old cows at the time of calving. These multiplicative adjustment factors for age of dam were recommended for general use by the United States Beef Cattle Records Committee (1965) . These correction factors were clearly inappropriate because Cundiff et al. (1966) showed that additive age of dam correction factors should be used in order to equalize more nearly the variances among adjusted weaning weights within the different age of dam groups. Beginning with the 1970 calf crop and continuing through subsequent years, additive age of dam correction factors developed by CardeUino and Frahm (1971) from analysis of the weaning weight records collected on calves in this study from 1964 through 1968 were used. The additive correction factors used during this period were 26.7, 16.6 and 4.0 kg for Angus cows that were 2, 3 and 4 yr old at the time of calving, re-spectively. These additive age of dam correction factors were expected to result in more accurate selections.
Preliminary analyses indicated that age of dam was a significant effect for all nine traits measured except YDG for bulls. Because age of dam correction factors had only been calculated for weaning weight earlier in the study (Cardellino and Frahm, 1971) , it was decided to use all data collected in this study to calculate age of dam correction factors for the nine primary traits evaluated in this study. Using all data should increase the precision of the estimates of age of dam effects for this herd under these management conditions. Leastsquares analyses were conducted within sex using a statistical model that included the fixed effects for age of dam, year and age of dam x year interaction. Prior to further analysis, all traits (except YDG for bulls) were directly adjusted to a mature-dam basis using the additive correction factors determined from these data and presented in table 1.
As selection progresses, one might expect that calves from young, selected cows would gain more rapidly relative to calves from mature cows with less selection history than was the case in the unselected foundation population. Thus, inclusion of data from later years of selection in the calculation of age of dam effects may tend to reduce the magnitude of age of dam correction factors. Contrary to this expectation, the age of dam correction factors calculated from using all data were 1.6, 1.5 and 3.0 kg higher for 2-, 3-and 4-yr-old cows, respectively, than those reported by Cardellino and Frahm (1971) using primarily the unselected foundation cattle. Other potential sources of age of dam effects being biased by selection may result from correlated responses in milk production and rate of maturity. However, these may be partially offsetting effects. Selections for growth may result in a positive correlated response in milk yield, which would tend to lower estimates of age of dam correction factors, but also may reduce rate of maturity, which would tend to increase estimates of age of dam correction factors.
There was no evidence that the combined effect of these factors introduced a selection bias as a result of using all data to determine the final age of dam correction factors. The age of dam x year interaction term in the model was not significant for any of the nine traits. Also, examination of the age of dam x year means did not indicate any consistent pattern that would suggest a bias as a result of using these correction factors.
Whether or not these age of dam correction factors are partially confounded with selection effects should have negligible effect on calculation of average selection differentials or selection responses for a line. Selection responses were estimated by comparison of selection line means with control line means or an environmental trend determined by all lines, and the age distribution of cows was very similar for all lines and from one year to the next.
Records were expressed in both actual and standard measure. Standardized records were obtained by deviating each record from its contemporary line-year-sex mean and dividing by the pooled intra-year-sex standard deviation. There was no adjustment in any of the analyses for inbreeding.
Measurement of Selection Applied
Generations of Selections. Generation turnover during the 16-yr period was evaluated by calculating the number of generations back to the initiation of the experiment in 1964.
Generation coefficients were calculated using a formula described by Brinks et al. (1961) : CGC = [(SGC + DGC)/2] + 1 where CGC, SGC and DGC refer to calf, sire and dam generation coefficients, respectively. Foundation animals were assigned generation coefficients of zero, and progeny generation coefficients increased by one over the average of the parents. The generation coefficient of an individual measures one more than the number of generations of selection; therefore, generations of selection were obtained by subtracting one from the generation coefficient.
Cumulative Selection Differentials. Cumulative selection differentials (CSD) were a measure of the total amount of selection that was applied up to a particular date. When compared with the total direct response for a particular trait, CSD can be used to evaluate the effectiveness of selection. When generations are discrete, CSD can be calculated by simply adding selection differentials of successive generations; however, in species such as cattle where considerable overlap in generations occurs, additional formulas are needed. Cumulative selection differentials were calculated using the method of Newman et al. (1973): aBW = birth wt, WDG = preweaning daily gain, WW = weaning wt, WG = weaning conformation grade, WC = weaning condition score, YDG --weaning to yearling daily gain, YW = yearling wt, YG = yearling conformation grade and YC = yearling condition score. bconformation grade on a 17-point scale with 12 = low Choice, 13 = average Choice.
CCondition score on a 9-point scale from 1 = thin to 9 = very fat. dAge of dam was not a significant source of variation for bull calves. CSD = ID + MAS where CSD equals the individual cumulative selection differential, ID is the individuals own deviation from the contemporary line-year-sex group and MAS is the mean accumulated selection differential of all parents contributing progeny to the contemporary group. The MAS is calculated as the weighted average CSD for sires plus the average CSD for dams of the contemporary group divided by two. The CSD for an individual can be thought of as the average prior selection practiced for the contemporary group plus the additional selection practiced in the individual. Cumulative selection differentials were calculated in standardized units for all nine traits in the WWL, YWL, and CL. Also, average annual midparent CSD were regressed on year to estimate trends over time. The method utiilized in this study differs from that described by Pattie (1965) in which an individual's CSD was obtained by adding the individuals ID to the average of the individual CSD of its parents. The method of Newman et al. (1973) was more appropriate for these data because selected individuals were deviated from their contemporary line-year-sex mean rather than from the average of progeny of the individual's parents.
Selection differentials calculated in this way would not be appropriate for quantifying selection pressure in the PTL. Thus, selection differentials for the PTL are not presented. The progeny test line is described as part of the overall design of the experiment in order that the genetic responses obtained in this line can be compared with those obtained in the other lines in the second paper of this series.
Actual vs Maximum Selection Differentials. Selection differentials per generation were calculated in actual and standard measure for selected sires (~S) and selected dams (AD) by averaging the deviated and standardized selection differentials for sires and dams of all progeny, excluding those from foundation parents. Maximum potential selection differentials were calculated by averaging individual deviations of the bulls and heifers (two bulls and 10 heifers per line) with the largest values based on selection criteria in each line each year. Maximum potential selection differentials for the CL were calculated for those individuals that were closest to zero selection differentials for both weaning and yearling weight. Comparing actual and maximum potential selection differentials provides an estimate of the proportion of the possible selection that was actually applied toward the primary trait in each line. Although strict adherence to selection criteria was attempted during this study, some high-ranking individuals may have been culled because of physical defects, injury or reproductive failure.
Indexes in Retrospect. Indexes using various combinations of the nine traits evaluated were determined in retrospect as described by Diekerson et al. (1954) . Although selection for a single trait was strictly adhered to in this study, it is the net effect of that direct selection as well as the indirect selection which occurs that is of ultimate interest. Selection for one trait cannot be considered in isolation, but will have consequences for other traits as well because of genetic correlations that exist among traits. Indexes in retrospect show the relative emphasis placed on traits included in the index.
Indexes in retrospect were calculated using actual selection differentials as described by Chenette (1981) and Buchanan et al. (1982) . Phenotypic correlations, used to calculate these indexes, were obtained from pooled sums of squares and crossproducts within lines and years for bulls and heifers. Two sets of indexes were calculated from these data. Index 1 included BW, WW, WG, WC, YW, YG and YC while index 2 substituted WDG for WW and YDG for YW. Thus, index 1 provides a check on selection intentions and index 2 indicates the relative selection for growth rate at various stages.
Results and Discussion
Over the 16-yr period, the numbers of weaning and yearling records collected were 694 and 660, 691 and 646, 666 and 625, and 698 and 662 of the WWL, YWL, PTL. Line means pooled across years and standard deviations for the nine traits analyzed are shown in table 2 for bulls and heifers. Standard deviations were calculated from sums of squares pooled across all line-year subclasses.
Generations of Selection. Over the 16-yr period, 3.87 and 3.72 generations of selection had occured in the WWL and YWL, respectively, corresponding to generation intervals of 4.13 and 4.30 yr/generation of the WWL and YWL, respectively. The generation turnover in the CL was slightly slower with 3.40 generations of selection occurring during the same time period. The longer generation interval for the CL of 4.71 yr/generation was likely the result of using foundation sires in this line when it was being modified to serve as a control line and to the deliberate retention of older cows during the first few years after the CL was established.
The generation intervals were slightly shorter in the Angus WWL and YWL than for the Hereford WWL and YWL that were maintained as part of this same selection project (Frahm et al., 1985) . In the Hereford lines, 3.22 and 3.21 generations of selection occurred over a 15-yr period (4.66 and 4.67 yr/generation) for the WWL and YWL, respectively. Also, Buchanan et al. (1982) reported that after 17 yrs, 3.69, 3.56 and 3.67 generations of selection (4.61, 4.70 and 4.63 yr/generation) had occurred in lines selected for weaning weight, yearling weight and an index of yearling weight and muscling score, respectively. Generation coefficients were also calculated for the PTL in the present study. This line was terminated with the 1978 calf crop, and 2.68 generations of selection had occurred to that point (5.60 yr/generation). Generation turnover in this line was slower than in the other three lines because progeny testing lengthens the generation interval. CConformation grade on a 17-point scale with 12 = low Choice and 13 = average Choice. dcondition score on a 9-point scale with 1 = thin and 9 = very fat.
Cumulative Selection Differentials (CSD).
The average midparent CSD for a trait measures the amount of selection pressure that has accumulated through the parents of calves born in a given year. Regression coefficients of standardized midparent CSD on year are presented in table 3 for all nine traits in the WWL, YWL and CL. The CSD increased at the rate of .27 standard deviations (o)/yr for WW in the WWL and .25 o/yr for YW in the YWL. These results agree well with the .26 o/yr and .27 o/yr increases reported by Frahm et al. (1985) for the Hereford WWL and YWL, respectively. Also, Buchanan et al. (1982) reported increases of .24 o/yr for both WWL and YWL.
Correlated CSD accumulated at the rate of .18 o/yr for YW in the WWL and .21 o/yr for WW in the YWL. The rates of increase of CSD for YW in the WWL and WW in the YWL were 72 and 70% as rapid as direct selection for these traits. Frahm et al. (1985) reported corresponding values of 78 and 85% for the Hereford W'WL and YWL, respectively.
Correlated CSD for the remaining traits accumulated at slower rates. Selection pressure for BW increased at the rate of .12 o/yr in both the WWL and YWL. Conformation grades and condition scores also showed increasing CSD/yr. These results agree quite closely with results presented by Frahm et al. (1985) for Hereford lines.
The rate of accumulation of selection pressure can be converted to a per generation basis by dividing average midparent CSD for the final year (1979) by the number of generations of selection. Selection pressure accumulated at rates of .97 and 1.00 o/generation for WW in the WWL and YW in the YWL. Frahm et al. (1985) reported selection pressure in Hereford lines had accumulated at rates of 1.06 and 1.12 o/generation for WW in the WWL and YW in the YWL, respectively. Results in the present study and in the study reported by Frahm et al. (1985) were slightly higher than values of .94 and .96 o/generation calculated from data reported for WW and YW by Buchanan et al. (1982) .
As shown in table 3, a slight amount of selection occurred in the CL. Average midparent Frahm et al. (1985) utilizing the Hereford WWL and YWL. Also, Buchanan et al. (1982) reported similar values of 1.00 and 1.06 e/generation in Hereford lines selected for weaning and yearling weight, respectively. Other reports of midparent selection differentials per generation include .82 o for final weight (Nelms and Stratton, 1967) and .93 e for postweaning average daily gain (Chevraux and Bailey, 1977) .
The proportion of selection pressure attributable to selected sires vs selected dams can be evaluated by comparing the relative magnitude of the average midparent selection differential (AM) due to sires (AS) and dams (AD). The proportion of selection due to sires as 67% for WW in the WWL and 76% for YW in the YWL. Utilizing Hereford data, Frahm et al. (1985) calculated similar values of 70 and 76% for the proportion of the selection pressure due to sires in the weaning and yearling weight lines, respectively. Buchanan et el. (1982) reported that sire selection accounted for 78 and 84% of the selection pressure for WW and YW, respectively. The increased importance of dam selection in the present study may have been due to the fairly rapid replacement rate for females in these lines. (10/50 cows per line per year).
Maximum potential selection differentials for sires (AS) and dams (&D), based on line criteria, are presented in standard measure in table 5. Comparing the maximum potential selection differentials with actual selection differentials for WW in the WWL and YW in the YWL provides with actual selection differentials for WW in the WWL and YW in the YWL provides an evaluation of the effectiveness relative to intended selection. In the WWL, the actual selection differentials/ generation for WW were 94 and 81% of the maximum potential for sires and dams, respectively; while corresponding values for YW in YWL were 100 and 64%. In the YWL, the top-ranked bulls for YW sired progeny in all cases; however, the potential selection realized for dams was quite low. Frahm et al. (1985) reported values of 88 and 70% and 100 and 67% for sires and dams in the Hereford weaning and yearling weight lines, respectively.
Because selection criteria were strictly followed throughout the study, failure to achieve the maximum selection pressure possible must be due to the development of serious unsoundness, illness or death of top-ranked individuals prior to their use in the selection line or in heifers, reproductive failure during the first breeding season. Another potential source of selection error would be possible changes in ranking of individuals after weaning and yearling weights were recalculated, utliizing age of dam corrections determined form these (table  4) . Frahm et al. (1985) reported results similar to these utilizing the Hereford data. These results are also in close agreement with index selection differentials presented by Buchanan et al. (1982) .
Comparison of sire and dam index selection differentials revealed the proportions of total selection pressure attributable to sire selection were 67 and 74% in the WWL and YWL, respectively.
Standard partial regression coefficients (3IPk) for index 1 should provide a check on how closely selection criteria were followed, since both WW and YW are included in the index. In the WWL, selection pressure was greatest for WW for both sires and dams, as evidenced by the index weightings (31pk). In the YWL, the principal selection pressure was for YW for both sires and dams; however, some unintended selection for BW was indicated for dams. Also, there was some unintended selection for YG in both sexes and YC in heifers. The unintended selection for YC may have resulted from retaining only pregnant heifers. Those heifers that did not conceive may have tended to be in lower body condition at 425 d, which was close to the start of the breeding season. Unintended selection pressure for conformation grade or condition was inconsistent, being both positive and negative depending on line and sex.
Evaluation of the index 2 weightings for WDG and YDG indicates the relative selection for growth rate during the two gain periods. In the WWL, selection prssure was larger for WDG relative to YDG in both sexes; however, index weightings were similar in size for both WDG and YDG in the YWL. Similar results were presented by Frahm et al. (1985) .
During the conduct of this study, strict adherence to selection criteria was practiced, the only exceptions being the few cases where biological factors prevented animals from being selected. While indexes in retrospect show the relative emphasis of traits included in the index, it is important to realize that they are a function of estimated phenotypic correlations among the traits as well as direct and correlated selection differentials.
